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Abstract ^ v 

The characteristics of reversal ventilation of axial flow fan is analysed in the paper. In ac- 
cording to the theory of flow around the airfoil, a new airfoil — "s" shaped airfoil with doub- 
le circular arc is presented and cxpcrimcnlcd in the wind tunnel, the experimental results have 
shown that the characteristics of new airfoil in reversal ventilation is the same as that in nor- 
mal ventilation and is better than that of existing airfoils of reversible axial Ians. 



Nomenclature 

u tangential velocity of impeller 

c absolute velocity 

w relative velocity 

0 enter angle of relative velocity of flow 

0^ installation angle of blade 

P theoretical total pressure 

P coefficient of theoretical pressure 

p dcncity oT How 

r radius 

x blade solidity 

c 

d> = — coefficient oT flow rate 

u 

i 

c lift coefficient 

y 

c drag coefficient 

a attack angle 

k slope of characteristic line of pressure coefficient 

b blade chord 

F half of the maximum thickness of airfoil 
/ deflection of airfoil ^f = — j 

Subscript 
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1 before blade cascade 

2 after blade cascade 

u tangential direction 

z axial direction 

m for mean radius 

o Tor P = 0 

/ 

t tip 

h hub 


Introduction 

The reversible ventilation of a fan is a problm which often arises in many places, Tor ex* 
ample, in road and railway tunnels where it is required to drive the air in one or the other di- 
rection depending upon the condition that exists at the time. Though an axial fan whose im- 
peller blades arc formed with conventional airfoil can drive the air in opposite direction by 
simply reversing the rotor, it is found that the characteristics oT reversal ventilation is much 
lower than that of the normal ventilation, the efficiency of fan decreasing sharply and the flow 
rate being about 40-50% oT normal ventilation. 

The characteristics of reversal ventilation of axial fan with single indcpcdcnl impeller is 
analysed in the paper. In accordance with the theory of ilow around an airfoil, a new airfoil- 
's" shaped airfoil with double circular arc is presented. If the impeller blades arc formed with 
such airfoil, the axial fan can operate in each direction to provide a substantially equal but 
opposite flow with a higher efficiency than can be obtained by existing fan with conventional 
blades. The reversal ventilation can be achieved by simply reversing the rotor of fan. The "s" 
shaped airfoil presented in the paper provides a basis for constructing a new type reversible 
axial fan with simple construction, easy control and better characteristics. 

The characteristics of fan impeller during normal and reversal rotation 

According to the 2-D cascade theory, the velocity triangle of a blade cascade of the axial 
fan with single indepedent impeller is shown in Fig.l . 

From the Eular equation 

P , =P"( C 2, “ C J = lw “ 

then the coefficient of theoretical pressure is 

P = p / pu 2 — u(w — w )/u 2 (2) 

r i ' i 1u 2u i 

where u t is peripheral velocity of impeller. 

Writting r - — = — (3) 

r u 

i i 
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thus the cq.(2) becomes 
From fig.l 


P t = r<T)(/gO i - tg 0 2 ) 


= 

According to the cascade theory [4] 
Where 


u — c , 


-*- 1 **. 


+ R 


A - 


1 — - (dc / dct)cosP 

4 y 

1 + ^ (dc ? / dct)cosP 


(5) 

(6) 

(7) 

( 8 ) 


B = - ■ y 

1 4- - / rfa)coj/? 

P — the entry angle of relative velocity during /*, = 0, i.c. angle of'zcro lift line (Figl ) 
From cq. (5), (6), (7) we get 

P t =(l-/f)F 2 -Ed>[/?4(l-^)/g(5 i ] 

The slope of characteristic lin^oT P is 

dP 

-nn + d-^x^.i 

When P =0, the coefficient of (low rate <I> would have the maximum value 

= A)r__ 

0 B + {\~A)tR6 y 

and the flow rate becomes maximum loo 

0 =u P 2 nr<t>dr 
o o 

If representing with mean radius r m 

r 

— m 

m r 

1 

thus 


(9) 


( 10 ) 

(ID 

(12) 

(13) 


<t> om = (\ - A)F^ /[B + (\ - A^gd,] (12a) 

0 = u <l> n(r 2 — r\) (13a) 

It is noted, that the preceding equations arc all suitable for both normal and reversal ro- 
tating of impeller. 

For axial fan with single indepedent impeller no matter what the rotating direction may 
be, the air flow into the blade cascade always with axial direction, i.c the angle 5 { = 0. Making 
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superscript " ' " for condition of reversal ventilation, thus from the eq. (10), (11), (12a), (13a) 
the following equations arc gctlcn: 

1) the theoretical pressure coefficient 


P t - (1 - A )r - r<t>B 
F\ =(\ - A')? 1 - rVR' 

2) the ratio oT K oT reversal ventilation to that oT normal ventilation 

F K ' E ' 


(14) 

(15) 

(16) 


3) the ratio of maximum theoretical reversal flow rale to maximum theoretical normal 
flow rate during P =0 

(. 7 ) 


J ° 0 


<1> 


(\-A)R' 

Assum that dc y / d a maintains constant during normal and reversal ventilation, and in- 
sert cq.(8), (9) into eq. (16), (17) 




sin/3'fl + - (dc ^ / rfa)cos/?] 
sin/Jfl + r (dc ^ / da)cos/J'l 

j = ct xP' 

0 ctaP 


(18) 


(19) 


From fig 2 


P=P -« a ,/»'=/? + a' 


then inserting into eq .( 1 8 ) .( 1 9) 
thus 


K 


sin(/? ; + a' 0 )[l + - ( dc y / da)cos(P r - a 0 )l 
sin (P r - a Q )fl + ^ (dc y / da)cos(P r + a' o )] 


> 1 


ctR(P, -4 a' ) 


J ° ctg(P-a n ) 


s£ I 


(18a) 


(19a) 


From preceding two equations, it is found that J 0 less than 1 and K larger than 1 except 
P' = () (i.c. a 0 =-a' 0 ). It follows that if the impeller of fan rotates in opposite direction, the 
maximum flow rate of fan would decrease and the slope of characterslic line of P t would be- 
come steep. 

Because the a 0 , a^arc relative with geometrical parameters of blade cascade, such as 
airfoil deflection / j blade solidity t, installation angle of blade O r and blade thickness c. there- 
fore J 0 and tfmust be the function of such parameters 


From eq. (1 8a), (19a) if P = P'(\.c a 0 +ot' 0 = 0) 


( 20 ) 
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then _ 

J 0 = 1 ,K= 1 (21) 

It means that the characteristics of fan during contrary rotation is the same as that dur- 
ing normal rotation, therefore the best effect of reversal ventilation is obtained. 

It is clean that only following two condition can satisfy the cq.(21) 

0) “o =o(, o =0 

It can be obtained that if the airfoil deflection f=0, such as the flat plate airfoil, ellipse 
airfoil, the characteristics of such airfoils arc lower and not satisfoclory for uc. 

(2) a 0 = a' 0 =£0, 7 * 0) 

It can be obtained when the zero lift line of cascade in reversal ventilation is parallel to 
that in normal ventilation, i.c. the airfoil must posses the reversal symmctcrical npofilc. 


"S* SHAPED AIRFOIL WITH DOUBLE CIRCULAR ARC 


On the basis of analysis in preceding section we present a new airfoil "s" shaped airpoil 
with double circular arc as shown in fig. 3. It is a reversal symmctcrical airfoil satisfying the 
condition a 0 = — a' 0 .Thc centre line of the airfoil posses the shape of "s", which is connected by 
two circular— arc lines ABC and CDE tangential to each other. At the middle points of two 

arcs (B.D) the deflection of centre line is maximum. 

}y | = F 

| max | 

Where F is the half of the maximum thickness of airfoil. 


The equations of centre line oT airfoil may be written as 

2 L 

+ (y + a) 2 = R 2 *e(0,-) 


arc ABC 


arc CDE 


(*-!)' 

(«-?) 


+ (y- a ) 2 = R 2 


*e(| ,b) 


where a = (b 7 / 32 F) — ^ 


r . , , 1 b (b F\ 

R(radius of circular arc ) = - ^ — ) 


( 22 ) 

(23) 

(24) 


The formation of airfoil proHlc 

Along the ccnlrc line BCD a number or circles with radius r = F arc drawn whose centre 
points arc at the arc BCD, then a number of another circles arc drawn along the arcs AB and 
DE, whose centre arc at these arcs and whose radiuses arc identifed with the perpendiculars 
from center points to abscissa line x. Drawing cnvolopc line around such circles, the profile of 
the new airfoil is formed. 

If the chord of the airfoil b is constant, taking different value of F , a number of "s" 
shaped airfoil with different deflection 7 would be obtained. 
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EXPERIMENTAL RESULT 

Four "s" shaped airfoils with different / arc experimented in wind tunnel in 
aerodynamic laboratory or Jiaotong University in October 1987. Their symbols arc CS-3(7 
= 3%), C-3.5(7~3.5%) CS-4( 7=4'%) and CS-7(r-7%). 

The experimental results oT these airfoilsarc shown in Fig 4. From fig 4a) It is seen that 
with the incrcaring of attack angle a the lift coefficients c y increase and reach the maximum 
value then decrease gradually. In the range a = 0 ° ~ 13 ° , the c y or airfoil CS-4 is the high- 
est among others (Cym,,— 0.87) and the c y oT airfoil CS— 7 is lower than that oT others. From 
Fig 4 b) it is seen that the drag cocITiccnt c, or all four airfoils arc increased from a = 0 ° and 
the c„ oT airfoil CS-7 is much higher than that of others. In the range or attack angle a from 
0° to 10° the c„of airfoil CS-4 is lower than that of others. It is followed that the 
aerodynamic characteristic of airfoil CS-4 is belter than that of others. Furthermore when 
the deflection of airfoil is too big ( /^>7%), the drag coefficient c,, of airfoil would increase 
sharply. The aerodynamic characteristic of airfoil CS-4 is compared with the conventional 
airfoil (NACA— 64, NACA— 66). From Fig 5 a), 6 a) it is shown, though the c y of airfoil 
CS— 4 is lower than that oTNACA airfoil in normal ventilation, it is much higher than that in 
reversal ventilation, cxpccialy at bigger attack angle. From Fig 5 b). 6 b) it is seen, in the 
range a = 0~ 10 ° the drag coefficient c x or airfoil CS-4 is lower than that of NACA airfoil 
in normal ventilation, while a > 10 0 it is higher than that or NACA airfoil, but in reversal 
ventilation condition the c x of airfoil CS-4 is much lower than that of NACA airfoil in all 
range of attack angles in experiment. 

In order to analyse the flow around the "s" shaped airfoil , the pressure discribulion 
along the surface of airfoil CS— 3 at a = 4 0 is measured as shown in Fig 7. There arc two are- 
as bounded by pressure coefficient c p line oT airfoil. The area on the preceding half of airfoil 
(x/ b = 0 — 0.5) is positive, which indccatcs that the lift force on the airfoil is upward; The area 
on the rear half of airfoil (x/b = 0.5— 1.0) is negative, which indccatcs the lift force on the 
airfoil is downward. Since the preceding area is bigger than the rear area, so the summary lift 
force on the airfoil is upward. Varying the attack angle a , the two areas and the summary lift 
force would be changed. 

In the Fig 7. c ^ = (P . — P 0 )/ , where P j is the pressure at the surface of airfoil. 
P 0 is the ambient pressure, c* is the flow velocity in the wind tunnel. 

Conclusion 

1) If the impeller of axial fan with conventional airfoil rotates in reversal direction, the 
maximum theoretical flow rate would decrease, the characteristic line of P, become steep, the 
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characteristics of fan would be worse. 

2) The characteristic of impeller in reversal ventilation is identical with that in normal 
ventilation, when the deflection oT airfoil 7=0 or ~f=h 0 but the profile oT airfoil is reversal 
symmctcrical . 

3) The "s" shaped airfoil presented in the paper is a reversal symmctcrical airfoil. When 
the impeller whose blade is formed with such airfoil rotates in opposite direction, its charac- 
teristic would be the same as that in normal ventilation. 

4) The synthetical characteristic of axial fan whose impeller blade is formed with s 
shaped airfoil would be better than that formed with conventional airfoil, especially in rever- 
sal ventilation condition, therefore the new airfoil presented in the paper is more available for 
reversible axial fan. 
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Fig.2. Normal and contrary flow 
around an airfoil 



Fig.3. "S" shaped airfoil with double-circular arc 
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Fig. 6 . Aerodynamic characteristic comparision of CS— 4 airfoil with airfoil NACA-66 


in normal and reversal ventilation 



the surface of airfoil CS-3. 
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